In this Letter, we report the discovery of a strong correlation between the variability of narrow absorption lines (NALs) and the ionizing continuum from a two-epoch spectra sample of 40 quasars containing 52 variable C iv λλ1548, 1551 absorption doublets. According to the concordance index, this sample is classified into two subsamples. Subsample I shows an anti-correlation between the variations of absorption lines and the continuum, while Subsample II exhibits a positive correlation. These results imply that these variable C iv λλ1548, 1551 absorption doublets are intrinsic to the corresponding quasars and that their variations are caused primarily by the fluctuations of the ionizing continuum. Based on our analysis, we propose that there might be two kinds of absorption gas: one that is very sensitive to the continuum variations, the another that is not. In addition, we suggest that in many cases the emergence or disappearance of NALs is caused by fluctuations of the ionizing continuum.
INTRODUCTION
The absorption lines in quasar spectra can place constraints on the basic properties of quasar environments and be used to probe the gaseous content of the Universe from early cosmic times to the present day. According to their origins, quasar absorption lines are divided into two classes. Intrinsic absorption lines are thought to be produced by the gas directly associated with the quasar central region or by that in the host galaxy, while intervening absorption lines are caused by foreground galaxies along the line of sight to the background quasar. Based on the absorption width of their profiles, intrinsic absorption lines can be further classified into broad absorption lines (BALs: absorption widths of at least 2000 km s −1 , e.g. Weymann et al. 1991) , narrow absorption lines (NALs: absorption widths of a few hundred km s −1 ) and mini-broad absorption lines (mini-BALs: absorption widths between BALs and NALs; e.g. Hamann & Sabra 2004) .
Previous observations have found variations (both in strength and in shape) in quasar BALs/mini-BALs on timescales ranging from a few years to a few months in the quasar rest-frame (e.g. Filiz Ak et al. 2012 Ak et al. , 2013 ; Welling ⋆ E-mail:william lo@qq.com; yingru lin@qq.com Misawa, Charlton & Eracleous 2014; Wang et al. 2015 , and references therein), and similar variations in NALs (e.g. Hamann et al. 1995; Barlow, Hamann & Sargent 1997; Hamann, Barlow & Junkkarinen 1997; Ganguly, Charlton & Eracleous 2001b; Narayanan et al. 2004; Wise et al. 2004; Misawa et al. 2005; Hamann et al. 2011; Chen et al. 2013 Chen & Qin 2015) . The time variability of absorption lines may be caused by the bulk motion of the absorbing gas across the line of sight (e.g., Hamann et al. 2008; Krongold, Binette & Hernndez-Ibarra 2010; Hall et al. 2011; Capellupo et al. 2013; Chen et al. 2013; Shi et al. 2016; Rogerson et al. 2016) or by changes in the ionization of the gas (e.g., Hamann et al. 2011; Filiz Ak et al. 2013; Arav et al. 2015; Chen & Qin 2015; Wang et al. 2015) . Which mechanism is the main cause of the absorption-line variability is still under debate.
Research into the correlation between variations in absorption lines and the continuum is a method that has been proposed for determining the origin of the absorption-line variability. In fact, some researches into the correlations between variations of BALs and the continuum/emission has already been carried out. A few papers reported that no clear correlation between the variation of BALs and the continuum (Gibson et al. 2008; Wildy et al. 2014; Vivek et al. 2014 ) has ever been detected, while several recent studies have provided evidence of the coordinated variations between BALs and the continuum (Capellupo et al. 2012; Filiz Ak et al. 2012 Misawa et al. 2014; Wang et al. 2015) . Although there are no reports on the correlation between the variability of NALs and the continuum, recent researches based on combining multi-epoch high-resolution UV and Xray data for the Seyfert galaxy NGC 5548 showed a definitive case of NAL variation caused by photoionization changes (Kaastra et al. 2014 , Arav et al. 2015 , and well-coordinated variations of different absorption systems between different epochs have been detected in individual quasars (Hamann et al. 2011; Chen & Qin 2015) .
In this paper, we study the correlation between the variations of C IV NALs and those of the continuum. We describe the sample of spectra in Section 2 and perform statistical analyses in Section 3. The discussion is presented in Section 4, and conclusions are provided in Section 5.
SPECTRAL SAMPLE
The Sloan Digital Sky Survey (SDSS; York et al. 2000 ) is a project that aims to obtain detailed three-dimensional maps of a large area of the Universe using a 2.5-m telescope (Gunn et al. 2006) . The first three periods of the survey in the SDSS project have been completed. The Baryon Oscillation Spectroscopic Survey (BOSS; Eisenstein et al. 2011 ) is one of the programs in the third period of SDSS (SDSS-III, Eisenstein et al. 2011; Pâris et al. 2012) . SDSS-I/II spectra have a spectral resolution of R≈1800-2200 (e.g. York et al. 2000) , while BOSS spectra have a resolution of R≈ 1300-2500 (Pâris et al. 2012) .
Using the sample of 7932 quasars observed by both SDSS-I/II (Data Release 7; Schneider et al. 2010) and BOSS (Data Release 9; Pâris et al. 2012 presented a catalogue of 52 pairs of obviously variable C iv λλ1548, 1551 absorption doublets (with confident levels of >4σ for λ 1548 lines and >3σ for λ 1551 lines), identified from 40 quasar spectra. In the catalogue of variable C iv absorption doublets, there are 24 systems that have emerged in or disappeared from the latter spectra. The two SDSS observations span timescales ∆MJD = 304-1416 d in the quasar rest-frame. The range of the emission redshift of these quasars is z em = 1.8-3.5, while that of the absorption redshift of the 52 C iv λλ1548, 1551 absorption doublets is z abs = 1.7-3.3. All of the 40 quasars have a signal-to-noise ratio (SNR) ≥8.0 for both SDSS-I/II and BOSS spectra .
In the following, we will study the correlation between the variations of NALs and those of the continuum using the above sample consisting of the two-epoch spectra of the 40 quasars.
CORRELATION ANALYSIS AND RESULTS

Distribution of the concordance index for C
IV NALs against the continuum Adopting the method used by Wang et al. (2015) , we consider that the continuum varies significantly when the fluctuation of the continuum flux at ∼1450Å (in the quasar Figure 1 . Count distribution of the concordance index for C IV NALs against the continuum. A concordance index of +1 represents the cases where both the absorption line and the continuum become stronger or both of them become weaker, one of −1 represents the opposite cases, and one of 0 represents the case in which the continuum does not change significantly between the two SDSS observations. The black boxes show the distribution of all spectrum pairs in our sample, while the red boxes show the distribution of the spectrum pairs of the emergence or disappearance of C IV NALs.
rest-frame) is more than 5 per cent between the two observations. In this section, the variations of the equivalent widths (EWs) of C IV absorption lines are taken directly from . According to Wang et al. (2015) , we define a concordance index of +1 for the cases in which both the absorption line and the continuum become stronger or both of them become weaker, of −1 when they vary in the opposite way, and of 0 when the continuum has no significant variation. The distribution of the concordance index is shown in Fig. 1 . As depicted in Fig. 1 , the variations of absorption-line EWs are highly statistically coordinated with the variations of the continuum flux. More specifically, about 81 per cent of the C iv absorption lines weaken when the continuum brightens, or the absorption lines strengthen while the continuum dims (the case when the concordance index is −1); about 15 per cent of the C iv absorption lines strengthen when the continuum brightens, or the absorption lines weaken while the continuum dims (the case when the concordance index is +1); the remaining two quasars have no significant continuum variations between the two epochs of observations. Note that a highly level of coordination is also detected from the spectrum pairs of the emerged or disappeared events of C IV NALs.
Correlation analysis between C IV NALs and the continuum
Based on the concordance index, we extracted three subsamples from the whole sample. Subsample I includes the spectrum pairs with a concordance index of −1. Subsample II includes those with a concordance index of +1. Subsample III contains the spectrum pairs of the emergence or disappearance of C iv NALs included in Subsample I. In the following, we analyse the correlation between the variations of C iv absorption-line EWs and those of the continuum flux for the whole sample and the above three subsamples, respectively.
Following Chen et al. (2015), we fitted a pseudocontinuum for each spectrum using a combination of cubic spline functions and Gaussian functions. Then we evaluated the pseudo-continuum fitting flux variability amplitude between two observations for each quasar using
where F cont1 and F cont2 denote the flux of the pseudocontinuum at ∼ 1450Å in the quasar rest-frame for the earlier and later epochs, respectively. The propagation of the error for ∆F cont can be evaluated using
where F noise1 and F noise2 are the flux uncertainties for the earlier and later SDSS epochs. Then we calculated the variability amplitude of EWs between the two SDSS observations for the bluer and redder members (∆EW r 48 and ∆EW r 51) for each C iv λλ1548, 1551 doublet using ∆EW r 48(51) = EW r 48 (51) 
where the EWs for C iv λ1548 and C iv λ1551 were taken directly from . We also calculated their corresponding errors (σ ∆EW r 48 and σ ∆EW r 51 ) with the same method as used in calculating σ ∆F cont , respectively. The parameters and estimated values are listed in Table 1 .
Here, we present plots of ∆EW r 48 and ∆EW r 51 versus ∆F cont for all objects (Fig. 2) . Linear functions are adopted to fit the data for the whole sample and the three subsamples, respectively. The statistical parameters are listed in Table 2 .
DISCUSSION
Properties of the variable C IV λλ1548, 1551 absorption doublets
We believe that the variable absorption systems in our sample are intrinsic to the corresponding quasars. On the one hand, the result of the time variability analysis in this paper, namely the fact the variations of narrow C iv absorption lines show a significantly correlative with the continuum variations, strongly supports the above suggestion. On the other hand, the time variability of intervening cloud structures would not be expected on such short time-scales because of their large sizes and low densities (e.g., Hamann et al. 1995) . Based on the time variability analysis of 12 intrinsic NALs and seven mini-BALs within the timescale of 1-3.5 yr in the quasar rest-frame, Misawa et al. (2014) found that only the latter show significant variability. These authors suggested that changes in both the ionizing continuum and the partial coverage can lead to the variability of mini-BALs, and that the latter mechanism is the main driver of NAL variability. However, our statistical analysis shows a significant anti-correlation between the variation of narrow C IV absorption lines and that of the pseudo-continuum flux (see Fig. 2 ), implying that the NAL variability is caused primarily by fluctuations in the ionizing continuum.
More specifically, we find that our sample of variable absorption lines can be divided mainly into two subsamples according to the concordance index. Subsample I (∼81 per cent) shows an anti-correlation between the variability of NALs and the continuum while Subsample II (∼15 per cent) shows a positive correlation. This phenomenon could be explained by the different ionization states of the absorbers (Wang et al. 2015 ; Lu et al. in preparation).
On the emergence or disappearance of C IV
λλ1548, 1551 absorption doublets
In our sample, there are 24 C iv λλ1548, 1551 absorption doublets that emerged in or disappeared from the BOSS spectra , of which 20 absorption systems have a concordance index of −1 (which are classified as Subsample III). It is evident from Fig. 2 that this population is bimodal. The points with positive values of ∆EW r 48(51) have values between 0.62 and 0.87, while the points with negative values of ∆EW r 48(51) have values between -0.75 to -0.93. We find that the population distributes a narrow-value range of ∆EW r 48(51) near -0.7 to -0.9 or 0.7 to 0.9. According to equation (3), ∆EW r 48(51) in Subsample III should be +1 or −1. The deviations arise because, even in these extreme cases where no absorption lines are observed, considering the error of EWs between SDSS I/II and BOSS spectra, Chen et al. (2015) still allow a try of fit to the 'imagined' absorption troughs. As a result, a value of EWs is obtained that is slightly greater than zero instead of being zero. Therefore, we find that the values of ∆EW r 48(51) in Subsample III are slightly lower than +1 or slightly greater than −1. The observed bimodal population is expected, because while one group is associated with the case of emergence, the other group corresponds to the case of disappearance (note that the two groups represent extreme cases of the corresponding variations).
In addition, it can be seen that the data points for Subsample III span all values of ∆F cont . This suggests that the emergence as well as the disappearance of NALs do not always require that the continuum varies considerably, but, instead, emergence or disappearance could occur for even small variations. This implies that some absorption gas is very sensitive to continuum variations, which was also suggested for the case of BALs (Filiz Ak et al. 2013; Wang et al. 2015) . We therefore suggest that there might be two kinds of absorption gas: one that is very sensitive to the continuum variations (which is expected to yield data such as that in Subsample III), and aonther that is not so sensitive (which is expected to produce the type of data other than that in Subsample III). In Fig. 2 , it is obvious that the best linear fitting for Subsample III provides the steepest slope for all points in the whole sample (this is to be expected, because data in Subsample III reflect extreme cases of variation). Although some cases of the emergence or disappearance of NALs might be caused by the bulk motion of the absorption gas (Chen et al. 2013) , the significant anti-correlation between ∆EW r 48(51) and ∆F cont for Subsample III (see Fig. 2 ) strongly implies that many extreme variations of NALs must also be due to the fluctuations of the ionizing continuum.
It is clear that separate linear fits for the two extreme groups (corresponding to the emergence or disappearance cases) in Subsample III will produce very weak correlation between ∆EW r 48(51) and ∆F cont . This is to be expected, because for one group the value of ∆EW r 48(51) is expected to be +1, while it is expected to be −1 for the other group. When ignoring the data of both of groups, there is still a significant anti-correlation between the two quantities (r = −0.837, P < 0.001), suggesting that the existence of this bimodal data of Subsample III strengthens the relationship of the anti-correlation but the relationship itself is quite robust. 
Comparison of NAL and BAL/mini-BAL variability
We found that the variability of NALs is significantly correlated with the continuum variability. However, as noted in the Introduction, such a strong correlation between the variability of BALs/mini-BALs and the continuum has not yet been found (although coordinated variations between them have been detected; see Wang et al. 2015) . A plausible explanation for the different reactions between BALs/mini-BALs and NALs is that BAL/mini-BAL outflows may correspond to relatively larger clumpy/filament structures, whose UV resonance doublets are usually blended and saturated, while the NALs are caused by the smaller and lower-density portion of the outflow wind (Murray et al. 1995; Proga, Stone & Kallman 2000; Elvis 2000; Ganguly et al. 2001a; Hall et al. 2007; Misawa et al. 2014) , so that NALs may be more sensitive than BALs regarding responses to the continuum variability.
CONCLUSION
We have studied the correlation between the NAL variability and the continuum variability using a sample of twoepoch SDSS spectra of 40 quasars with 52 variable narrowabsorption systems. We analysed quantitatively the variability amplitude of EWs of C iv absorption lines and that of the continuum flux and found a significant correlation between them. As hinted at by the statistical results, we propose that the changes of the C iv λλ1548, 1551 absorption doublets in our sample are driven mainly by the fluctuations of the ionizing continuum.
Our analysis suggests that the emergence and disappearance of NALs does not require that the continuum must vary considerably. Instead, these phenomena could occur for any level of variation of the continuum. We suggest that there might be two kinds of absorption gas: one that is very sensitive to the continuum variations, and another that is not. Based on Fig. 2 , we believe that many cases of the emergence or disappearance of NALs are caused by fluctuations of the ionizing continuum as well.
